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ABSTRACT 

A d i scuss ion  of Apollo luna r  mission l i m i t a t i o n s  has 
been undertaken, lead ing  t o  suggested a l l o c a t i o n  of weight mar 
expected t o  be a v a i l a b l e  f o r  the  extended o r  s t r e t ched  LM (XLM 
O f  prime importance i s  t h e  u s e  of p rope l l an t  t o  accomplish 
landings  t o  wi th in  $100 meters of a predesignated luna r  p o i n t .  
Next i n  p r i o r i t y  i s  r a i s i n g  su r face  stay-time t o  3 o r  4 d a y s  with 
6-8 EVA per iods  ( t w o  a s t ronau t s  o u t  s imultaneously) .  
missions emphasize sampling, a minimum r e t u r n  lunar sample of 100 lbs 
( Q  150 t o t a l  re turned  p a y l o a d )  i s  d e s i r a b l e .  
i n c r e a s e  descent s c i e n t i f i c  payload (ALSEP + LGE) by ~ 1 2 5  l b s  i n  
order  t o  accommodate a full complement of l u n a r  experiments. 
actual  payload on a given mission w i l l  be a f f e c t e d  by t h e  s p e c i f i c  
s i t e  chosen. 
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I. 

MEMORANDUM FOR FILE 

INTRODUCTION 

It i s  genera l ly  agreed tha t  t h r e e  t o  fou r  Apollo luna r  
landing missions w i l l ,  a t  bes t ,  p resent  extremely l i m i t e d  
opportuni ty  to conduct extensive s c i e n t i f i c  i n v e s t i g a t i o n s  of t h e  
moon. Even so, they w i l l  be s c i e n t i f i c a l l y  rewarding i f  they 
accomplish only sample r e tu rn ,  for i t  i s  t h r o u g h  a n a l y s i s  of such 
samples that  we expect t o  l e a r n  t h e  most s i g n i f i c a n t  f a c t s  regard ing  
luna r  geology. Addit ional ly ,  one can expect that  t h e  shor t  d u r a t i o n  
a s t ronau t  observat ions and the deployment of ALSEP packages w i l l  
c o n t r i b u t e  valuable  data.  Perhaps more important,  however, i s  t h e  
development, during the  Apollo phase of l una r  explora t ion ,  of t h e  
ope ra t iona l  techniques necessary t o  conduct t h e  s c i e n t i f i c  i n v e s t i -  
gatdons.  Once we have become confident i n  t h e  conduct of ope ra t iona l  
techniques and sheer surv iva l  recedes a s  a prime concern, s c i e n t i f i c  
ob jec t ives  can be e leva ted  i n  p r i o r i t y .  The r eade r  i s  r e f e r r e d  
t o  Reference 1 f o r  a more d e t a i l e d  i n s i g h t  i n t o  the expected 
accomplishments of Apollo. 

The ques t ion  a t  hand i s ;  how can we c a p i t a l i z e ,  during 
ear ly  SAAP luna r  missions,  on t h e  c a p a b i l i t y  developed on Apollo? 
On the one hand one can examine the d e f i c i e n c i e s  obvious i n  Apollo 
( s h o r t  s t a y - t i m e ,  low m o b i l i t y ,  e t c .  ) and ask f o r  s tep- func t ion  
i n c r e a s e s  which would seem reasonable  a t  t h i s  time. Thus, we would 
be l e d  t o  ask f o r  two week su r face  missions with mobi l i ty  a i d s  
y i e l d i n g  ope ra t iona l  c a p a b i l i t y  to ' L ~ O  km from touchdown p o i n t s .  A t  
the other po le  i s  an  acceptance of t h e  s t a t u s  quo or a continuance of 
the  Apollo missions.  The  former appears  t o  be unreasonable f o r  
reasons  of economy, schedules, and uncer ta in ty  i n  t h e  progress  of 
Apollo. The l a t t e r  can be demonstrated t o  be undes i rab le  as  w i l l  
be done below. The prime choice remaining, then,  appears t o  be 
acceptance of the  extended o r  s t r e t ched  LM (XLM) concept i n  which 
Apollo system margins are  u t i l i z e d  t o  ob ta in ,  for example, a d d i t i o n a l  
s tay- t ime and payloads. How t h i s  margin i s  u t i l i z e d  i s  not 
u n a l t e r a b l e .  For example, t h e r e  a re  t r a d e s  a v a i l a b l e  among s t ay -  
t im ,  s c i e n t i f i c  payload t o  the  moon, re turned  sample weight and 
landing  s i t e  l o c a t i o n .  It i s  t h e  purpose of t h i s  memorandum t o  
d e l i n e a t e  the d e s i r a b l e  s c i e n t i f i c  a t t r i b u t e s  of XLM missions i n  
order  that the engineering s t u d i e s  of XLM may be made more r e a l i s t i c .  
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I n  the fol lowing we shal l  f i r s t  d i scuss  s i g n i f i c a n t  
Apollo l i m i t a t i o n s  and thence suggest the goa l s  for X L M  missions,  
a l l  the  while keeping i n  mind the  magnitude of t h e  Apollo margin 
which may become a v a i l a b l e .  

11. APOLLO LIMITATIONS AND XLM GOALS 

A. EVA T i m e  

The most  p re s s ing  Apollo l i m i t a t i o n  i s  ex t r a -veh icu la r  
a c t i v i t y  ( E V A )  time, It appears t ha t  the nominal Apollo missions 
w i l l  cons i s t  of 2 EVA pe r iods  of ~3 h o u r s  each wi th  two a s t r o n a u t s  
o u t  simultaneously,  A good f r a c t i o n  ( 'L l/3) of the  f i r s t  EVA 
per iods  w i l l  be taken  up w i t h  opera t iona l  tasks ( R e f .  2 )  on e v e r y  
mission. Apollo Lunar Surface Experiments Package ( ALSEP) deploy- 
ment may take anywhere f rom 1/2 t o  1 EVA per iod,  t h e  a c t u a l  t ime 
depending h e a v i l y  on the  t i m e  taken b y  t h e  a c t i v e  seismic and heat 
f l o w  experiments. That leaves, a t  best ,  only 1 EVA per iod f o r  t h e  
Lunar Geologic Experiment. This i s  t o o  sho r t  a t i m e  t o  conduct 
a good examination of l una r  sur face  f e a t u r e s  and t o  g i v e  proper  
a t t e n t i o n  t o  sample a c q u i s i t i o n .  E.M. Shoemaker Lunar Geologic 
Experiment (LGE) P r i n c i p a l  Inves t iga to r ,  r e c e n t l y  s t a t e d  (pe r sona l  
communication) that somewhere between 3 and 5 EVA pe r iods  would be 
d e s i r a b l e  for the  LGE i n  t h e  f l a t  mare reg ions .  More than  that ,  
however, he f e l t  would be going a f t e r  r a p i d l y  diminishing r e t u r n s .  
We conclude, t h e r e f o r e ,  that even i n  a f l a t  mare a rea ,  up t o  6 ( t o t a l )  
EVA p e r i o d s  could be e f f i c i e n t l y  u t i l i z e d .  ' A s  s t a t e d  i n  B below, 
landing  a t  a s p e c i f i c  topographic f e a t u r e  would inc rease  tha t  t o  
8 EVA per iods .  Allowing 2 EVA per iods  per  day  l e a d s  t o  a desire  
f o r  a 4 d a y  XLM Mission. 

B. S i t e s  

r e l a t i v e l y  f l a t  mare i s  a p t  t o  be a d i s t i n c t  drawback a f t e r  the  

and a second such mission can be j u s t i f i e d  assuming tha t  one i s  a t  
least  looking a t  another  mare, A l l  our cu r ren t  ideas ,  however, 
lead u s  t o  b e l i e v e  t ha t  one mare i s  not s i g n i f i c a n t l y  d i f f e r e n t  
from another  be i t  with regard t o  age, composition or mode of 
o r i g i n .  * 

- 
The c o n s t r a i n t  applied t o  early Apollo t o  land only i n  

f q w a t  Y "  . L b V I I  POW m-1ao-1nnn 1 J 1 L U U L L / L L U .  or\, t h e  ir?,itial lar?,dlr\,g it m a t t e r s  at. a l l  

The next s tep up, then, i s  t o  land i n  a highland area 
and i n  or on s p e c i f i c  topographic features i n  t h e  mare. If that  
proves impossible,  an  at tempt  t o  land as near a s  p o s s i b l e  t o  such 
features should be made, By a s  near as p o s s i b l e  i s  meant w i th in  
walking d is tance ,  for on XLM missions there i s  not enough margin 

*It i s  even dubious how s i g n i f i c a n t  the d i f f e rence  i s  between 
c i r c u l a r  and i r regular  mare, 
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8 a v a i l a b l e  t o  ca r ry  mobi l i ty  aids. As an  e s s e n t i a l  goa l  then, 
and i n  v iew of the 1/2-1 km as t ronaut  rad ius-of -opera t ions  one 
can expect,  XLM missions should be t a rge ted  t o  land wi th in  100 
meters  of predesignated p o i n t s  on t h e  moon. Such opera t ions  w i l l  
undoubtedly r e q u i r e  u s e  of margin i n  terms of f u e l  f o r  r edes igna t ion  
dur ing  the descent  phase. The a b i l i t y  t o  land near a feature could 
add ,  conserva t ive ly ,  a d e s i r e  for 4 EVA pe r iods  pe r  mission f o r  
s p e c i f i c  examination of t h e  f e a t u r e  and f o r  traverse t ime. Assuming 
tha t  only 2 EVA pe r iods  would then be used i n  "mare-type" i n v e s t i -  
ga t ions ,  a n e t  a d d i t i o n  of 2 EVA per iods  i s  envis ioned.  

C .  Payload t o  Moon 

The  cur ren t  authorized s c i e n t i f i c  payload t o  be taken 
t o  t h e  moon (Ref .3 )  i s  300 l b s ,  of which about 200 l b s  i s  a l l o t t e d  
t o  the ALSEP. The cu r ren t  ALSEPfs however, are configured as two 
separate arrays c o n s i s t i n g  of d i f f e r e n t  experiment mixes p r i m a r i l y  
f o r  reasons  of weight and power. A f u l l  complement of the ava i l -  
a b l e  experiments o r  a full complement of l u n a r  experiments would 
add about 75 l b s  5 o v e r a l l  descent ayload*.  Addit ional  power 
( u p  t o  100 watts from the current  56 P p l u s  changes t o  inc rease  ALSEP 
f l e x i b i l i t y  might  t o t a l  another 25 l b s .  

Addit ional  geologic  t o o l s  and/or sample r e t u r n  con ta ine r s  
can be expected t o  r e q u i r e  $25 l b s .  Thug an o v e r a l l  i nc rease  of 
125 l b s  i n  s c i e n t i f i c  descent pay load  seems reasonable ,  

D. Ascent Payload 

It i s  now planned (Ref. 3) t o  r e t u r n  100 l b s  of material 
t o  Earth from the  Moon, including l b s  of l u n a r  sample, 
(Sanple con ta ine r s  weigh '~27 l b s ,  tape, camera f i l m ,  e t c .  make 
up  the remainder. ) O f  p r ime importance t o  Apollo ( R e f .  1) and more 
important t o  XLM missions,  i s  the re turned  sample. The 50 l b s  of 
Apollo sample appears small r e l a t i v e  t o  the more than  110 P r i n c i p a l  
I n v e s t i g a t o r s  who d e s i r e  sample. On t h e  XLM mission there w i l l  be 
C-tmr.  uL1llG t z l  c o l l e c t  iiiioiie and b e t t e r  samples ana i n  v iew of the l i m i t e d  
mob i l i t y ,  such miss ions  w i l l  be p r imar i ly  sampling missions.  
To e s t i m a t e  how much more sample i s  d e s i r a b l e  i s  d i f f i c u l t ,  It i s  
obvious that we cannot ob ta in ,  on these misslons,  t he  $500 l b s  
stated as a l i k e l y  maximum (Ref ,  4 ) .  It seems reasonable ,  and 
p o s s i b l e ,  however, t o  i nc rease  the r e t u r n  t o  100 l b s .  For t h i s  

*This subjec t  w i l l  be t r e a t e d  i n  more d e t a i l  i n  another  
memorand urn 



BELLCOMM, I N C .  - 4 -  

i t  i s  suggested that  one a d d i t i o n a l  sample conta iner  be included 
for a nominal 25 l b  i nc rease  and t ha t  t h e  a d d i t i o n a l  25 be 
accommodated b y  bet ter  ( d e n s e r )  packing i n  each of three sample 
r e t u r n  con ta ine r s  ( a  usefu l  as t ronaut  func t ion  during the longer  
l u n a r  s t a y ) .  

, 

E. ODerational 

The l i m i t e d  stay-time a v a i l a b l e  on Apollo leads one t o  
attempt t o  u t i l i z e  as much of that  t i m e  a s  p o s s i b l e  f o r  purely 
s c i e n t i f i c  endeavors. Since on XLM missions t h e r e  w i l l  be a 
r e l a x a t i o n  of t h e  time pressures ,  w e  should at tempt  t o  develop 
techniques and operat ions which w i l l  be of  use i n  t h e  next phase 
of l una r  exp lo ra t ion  where more mobi l i ty  w i l l  be a v a i l a b l e  and 
a s t r o n a u t s  range fu r the r  from the LM. Several  wh.ich come t o  mind 
are* : 

1. Biologic exe rc i s ing  - having a s t r o n a u t s  do inc reas ing ly  
d i f f i c u l t  (me tabo l i ca l ly )  tasks such  as climbing i n  
and out of c r a t e r s ,  up h i l l s ,  e t c .  

2. Extended EVA - demonstrate l una r  su r face  PLSS change 
which may be necessary for extending radius-of-operat ions 
and f o r  ob ta in ing  continuous EVA per iods  up t o  6-8 hours. 

t o  a i d  ( r e s c u e )  another i n  simulated emergency s i t u a t i o n s .  
3. Rescue techniques - demonstrate a b i l i t y  of one a s t ronau t  

4. Communications - t e s t  PLSS communications out of l i n e -  
of -s ight  by having one a s t ronau t  e n t e r  nearby shallow 
c r a t e r  or go  behind nearby h i l l .  

5. Dexter i ty  - t e s t  (and u s e )  the "hard" space-sui t  which 
promises g r e a t e r  d e x t e r i t y  and ease-of-motion on luna r  
s u r f a c e ,  

Tasks 1 and 4 can be conducted during the course of 
conduct of t h e  r e g u l a r  l una r  sur face  exp lo ra t ion  but 2, 3 and 5 
would r e q u i r e  time over and above that  programmed f o r  o ther  a c t i v i t y ,  
The amount i s  d i f f i c u l t  t o  estimate b u t  of the  order  of 1/2 an  
EVA per iod seems reasonable.  No sepa ra t e  allowance i s  made f o r  t h i s  
i n  the t o t a l  b u d g e t  of 6 t o  8 EVA p e r i o d s  a l though one, s h o u l d  t ake  
t h i s  i n t o  account i n  es t imat ing the t i m e  available f o r  s c i e n t i f i c  
endeavor s . 

*The au thor  i s  indebted t o  D.A. B e a t t i e  (NASA - MTL) f o r  
many of these suggest ions,  
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111, SUMMARY 

A d i scuss ion  of Apollo luna r  mission l i m i t a t i o n s  has  
been undertaken leading  t o  suggested a l l o c a t i o n  of weight margin 
expected to be a v a i l a b l e  for the  extended or s t r e t c h e d  LM (XLM). 
O f  prime importance i s  use of p rope l l an t  t o  accomplish landings  
to wi th in  %lo0 meters of a predesignated luna r  p o i n t .  Next i n  
p r i o r i t y  i s  r a i s i n g  sur face  stay-time to 3 or 4 d a y s  with 6-8 
EVA pe r iods  ( t w o  a s t r o n a u t s  o u t  s imul taneous ly) ,  Since XLM 
missions emphasize sampling, a minimum r e t u r n  luna r  sample of 
100 l b s  ('L 150 t o t a l  re turned  payload) i s  d e s i r a b l e .  It i s  prudent 
t o  i nc rease  descent s c i e n t i f i c  payload (ALSEP f LGE) by d 2 5  l b s  
i n  o r d e r  t o  accommodate a f u l l  complement of l u n a r  experiments. 
The a c t u a l  payload  on a given mission w i l l  be a f f e c t e d  b y  t h e  
s p e c i f i c  s i t e  chosen. 

1012-NWH-bl N.W. Hinners 
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